Cancer is regarded as an undoubtable major concern for both researchers and the general public because of its high mortality rates. While breast cancer has the highest incidence of malignancy globally, colon cancer also has high morbidity and mortality rates. Currently, researchers are working on designing, synthesizing, and biologically investigating the effects of some potential anticancer candidates.
The overall chemical syntheses are revealed in scheme (1). 88 The following chemical methods were used for the spebrutinib analogue preparations [15] : 89 2.5.1 Synthesis of compound (2a) N-(3-((5-fluoro-2-((4-(2-90 methoxyethoxy)phenyl)amino)pyrimidin-4-yl)amino)phenyl)benzamide. 91 1.
Benzoyl chloride (309 mg, 2.2 mmol) was added to a stirred solution of compound (1) (665 92 mg, 1.8 mmol) and potassium carbonate (1.24 g, 9 mmol) in THF (12 mL) at 0°C, and the reaction 93 mixture was stirred at 0°C for 45 min. 94 2.
The reaction mixture was added drop-wise to a cold solution of 10% NaHCO3 (12 mL) 95 while being stirred, and was stirred at the same temperature (0°C) for 30 min. 96 3.
A solid precipitate was isolated by filtration and washed with cold water and hexane, and 97 then was dissolved in a mixture of methanol/dichloromethane (50:50, 10 mL) and was 98 concentrated under reduced pressure. 99 4.
The residue obtained was suspended in cold water (20 mL), Et3N was added to it, and then 100 it was extracted with ethyl acetate (2 x 20 mL). 101 5.
The combined ethyl acetate extract was washed with water (10 mL) and concentrated under 102 reduced pressure in a desiccator to get 2-a (0.761 mg, 89%). Trimethylacetyl chloride (266 mg, 2.2 mmol) was added to a stirred solution of compound 107 (1) (665 mg, 1.8 mmol) and potassium carbonate (1.24 g, 9 mmol) in THF (12 mL) at 0°C, and the 108 reaction mixture was then stirred at 0°C for 45 min. 109 2.
The reaction mixture was added drop-wise to a cold solution of 10% NaHCO3 (12 mL) 110 being stirred, and was stirred at the same temperature (0°C) for 30 min. 111 3.
A solid precipitate was isolated by filtration and washed with cold water and hexane, was 112 dissolved in a mixture of methanol/dichloromethane (50:50, 10 mL) and was concentrated under 113 reduced pressure. 114 4.
The residue obtained was suspended in cold water (20 mL), Et3N was added to it, and then 115 it was extracted with ethyl acetate (2 x 20 mL). 116 5.
The combined ethyl acetate extract was washed with water (10 mL) and concentrated under 117 reduced pressure in a desiccator to get 2b (0.705 mg, 86%).
119 120
161 microscope and screen shots were captured for each well. The media was replaced with 10% MTT 162 media and incubated for 3 hours. After the 3 hours of incubation, the media was removed, and the 163 wells were washed with phosphate buffer saline (PBS). Finally, a 200.µl portion of DMSO was 164 added into each well and left for 30 minutes and was read with a plate reader at 630 nm. 
168
The data supplied in Table 3 are valuable. The observed melting points were observed with a Differential 169 Scanning Calorimeter (DSC), a very sensitive instrument from Shimadzu that provides the melting point to two 170 decimal places, a task that is apparently impossible for the traditional capillary apparatus. In the DSC chart, the 171 temperature is raised until the chemical compound reaches its melting point (Tm). The chart will spike at that 172 temperature, as the melting process causes an endothermic change that appears as a peak in the DSC curve. The 173 DSC is considered a very sensitive technique to record characteristic melting points for various analytes, due to its 174 capability to record enthalpies and transition temperatures with noticeable sensitivity [23] . In this study, the 175 melting points were recorded for spebrutinib and the synthesized compounds. 176
The estimated log P (Octanol-water partition coefficient) parameters, hydrogen bond donors, and hydrogen 177 bond acceptors comply well with Lipinski's rule of five. In 1997, Christopher A. Lipinski and his team tested many 178 drug molecules and concluded that a compound is more likely to be orally active if it does not breach more than 179 one of the following rules [24] [25] [26] [27] [28] : 180
1.
Hydrogen bond donors < 5 (the sum of the N-H and O-H bonds). 
4.
A log P no greater than 5.
184
However, rotatable bond count is another issue that correlates with the oral absorption feature of drugs. To have 185 good oral bioavailability, the drug has to have no more than 10 rotatable bonds. This feature is achieved with 186 compound 2a. In the same context, the drug likeliness is close if the topological polar surface area is equal to or 187 less than 140 A 2 , which has been observed for all the synthesized compounds [29] . 188
The tPSA is the summation of the total polar atoms on the surface of a molecule, and these atoms basically are 189 comprised of oxygen and nitrogen along with the attached hydrogens. tPSA is a widely utilized tool in medicinal 190 chemistry to judge whether a drug is capable of permeating into cells. To permeate into enterocytes and become 191 orally bioavailable, the tPSA of a molecule has to be lower than 140 square angstroms, and a tPSA less than 90 192 square angstroms confirms the molecules are able to penetrate the blood-brain barrier and become bioavailable to 193 the CNS [30] [31] [32] . 194
In chemistry, the amount of product obtained in a chemical reaction divided by the amount calculated for a 195 theoretical yield is known as the percent yield, which is a measure of the reaction efficiency. Yields less than 40% 196 are considered poor, more than 50% are considered fair, greater than 70% are considered good, greater than 80% 197 are very good, greater than 90% are excellent, and yields near 100% are known as quantitative yields [33, 34] .
198 Accordingly, the percent yields of the chemical syntheses in this work are considered very good. 199
Three spebrutinib analogues were successfully synthesized. Thereafter, the selected chemical and physical 200 parameters of the synthesized compounds are tabulated in Table 3 and Table 7 .
229 Results of the biological effect of the synthesized compounds on cancerous and normal cell-lines: 245 The IC50 for the synthesized compounds and the spebrutinib standard for the HCT116, MCF-7, 246 and the MDCK cell lines are shown in Table 8 . 247 Results of the biological effect of the synthesized compounds on the cancerous and normal cell-248 lines:
249 The time of incubation was optimized to 48 hours instead of 72 hours, and eventually an incubation 250 period of 24 hours was selected. The concentrations of the synthesized chemicals that were applied 251 to the cells were optimized, starting with the highest concentration of 1 mg/L and reaching the 252 optimized high concentration of 50 µg/mL. For compound 2b, the IC50 value for the HCT116 cells is 1.3-fold its value for MCF-7 285 cells. Accordingly, compound 2b has better activity for MCF-7 cells than for the HCT116 cells. 286 Moreover, the IC50 of compound 2b for MDCK shows approximately 67-fold and 89-fold of the 287 concentration required for activity against the HCT116 and MCF-7 cell lines, respectively. This 288 indicates an acceptable selectivity margin toward the cancerous cells, with better selectivity toward 289 the MCF-7 cell line.
290 According to the European Medicines Agency (EMA) (with respect to the "Nonclinical Evaluation 291 for Anticancer Pharmaceuticals"), "a common approach for many small molecules is to set a start 292 dose at 1/10 the Severely Toxic Dose in 10% of the animals (STD 10) in rodents [30] . If the non-293 rodent is the most appropriate species, then 1/6 the Highest Non-Severely Toxic Dose (HNSTD) 294 is considered an appropriate starting dose. The HNSTD is defined as the highest dose level that 295 does not produce evidence of lethality, life-threatening toxicities or irreversible findings" [53] . In 296 all the previously discussed findings, the proposed therapeutic doses are much lower than the "one-297 tenth" portion of the STD 10. Accordingly, the therapeutic doses can be reduced to be equal or 298 below the micromolar concentrations recommended by many researches [54, 56] 299 4.
For the HCT116 cell line, the IC50 for the spebrutinib standard has the lowest value, 300 followed by compound 2b and lastly compound 2a. Compound 2b has twice the IC50 value when 301 compared to the spebrutinib standard, and compound 2a has trice the IC50 value for the standard.
302 5.
The MCF-7 cell line has the most interesting findings. Compound 2a has the lowest IC50 303 value, which indicates better cytotoxic activity than the spebrutinib standard. Spebrutinib has the 304 middle value for IC50 (1.25 times of that of compound 2a 47. Singh, G., Arora, A., Kalra, P., Maurya, I. K., Ruizc, C. E., Estebanc, M. A., … Sehgal, R. Utilized materials with their manufacturers and countries of origin. 1H NMR data and the interpretations of compound 2b.
1 Table (7) 1H NMR data and the interpretations of compound 2b. 
